UNCLASSIFIED 


AD  NUMBER 


AD  327  945 


CLASSIFICATION  CHANGES 


TO  UNCLASSIFIED 


FROM  CONFIDENTIAL-  FRD 


AUTHORITY 


Hq  Def  Spec'l  Wpns  Agency-TRC,  via  memo.  25  Nov  96, 
signed  by  Ardith  Jarrett,  Chief,  Technical  Resource  Center 


THIS  PAGE  IS  UNGLASSIFIED 


AD  NUMBER 

AD-327  945 


NEW  LIMITATION  CHANGE 

TO  DISTRIBUTION  STATEMENT  -  A 

Approved  for  public  release; 
distribution  is  unlimited. 

LIMITATION  CODE:  1 

FROM  No  Prior  DoD  Distr  Scty  Cntrl  St'mt 

AUTHORITY 

Hq  Def  Spec'l  Wpns  Agency-TRC,  via  memo  25  Nov  96, 
signed  by  Ardith  Jarrett,  Chief,  Tech  Resce  Ctr. 


THIS  PAGE  IS  UNCLASSIFIED 


Repnoducei 
ttf  the- 


ARMED  SERVICES  TEHNICAL  INFDRMAnON  AGENCY 
ARUNGTON  HALL  STAnON 
ARLINCFON  12,  VIRGINIA 


REPRODUCTION  QUALITY  NOTICE 


This  document  is  the  best  quality  available.  The  copy  furnished 
to  DTIC  contained  pages  that  may  have  the  following  quality 
problems: 

•  Pages  smaller  or  larger  than  normal. 

•  Pages  with  background  color  or  light  colored  printing. 

•  Pages  with  small  type  or  poor  printing;  and  or 

•  Pages  with  continuous  tone  material  or  color 
photographs. 

Due  to  various  output  media  available  these  conditions  may  or 
may  not  cause  poor  legibility  in  the  microfiche  or  hardcopy  output 
you  receive. 


□  If  this  block  is  checked,  the  copy  furnished  to  DTIC 
contained  pages  with  color  printing,  that  when  reproduced  in 
Black  and  White,  may  change  detail  of  the  original  copy. 


BOTICS:  When  govensaent  or  other  drawings,  speci¬ 
fications  or  other  data  axe  used  for  any  purpose 
other  than  In  connection  with  a  definitely  related 
gpveztment  piocureDent  operation,  the  U.  S. 
Govemaent  thereby  incurs  no  respooslbiUty,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govem- 
nent  nay  have  fonulated,  fUmlshed,  or  In  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  Is  not  to  be  regarded  by  Isgdicatlon  or  other¬ 
wise  as  In  any  nanner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rle^ts 
or  pemisslon  to  nanufacture,  use  or  sell  any 
patented  Invention  that  nay  In  any  way  be  related 
thereto. 


lOGED  BY  i^STlA  3  27945 


TECHIflCAL  AHALTSIS  REPORT  >  A7SWP-S03 


.c-c: 

''  *  ■ 


BASIC  CHARACTERISTICS  THERMAL  RADIATIOH  rROII  M 

ATOMIC  DETOWATIOW 

CONFIDENTIAL 

FORMERLY  RESTRICTED  DATA 
ATOMIC  ENERGY  ACT  1954 

by 

Lucille  B.  Streets 

fcy  anOioiitr  ti<  K  «.■»*  f)A{0-  3 


by— Os 

W  tkl _ _ 

#3VA-I 

CONPDeN  I  lAL 

FORMERLif  RF-SrRi;.TED  DATA 
ATOMIC  £iNt.-iG\  act  1954 


ASTI  A 


Novesber  1953 

Headquarters,  Arsed  Forces  Special  Veapoas  Project 
Washl&gtoo  13,  D.  J 


Exauoia  FROM  AUrOMATie 
RBCRADISQ;  DOO  filK  3200.10 


This  docuaeat  eonslsta  of  26 
No.  ^  ^of  100  copies.  Series 


sccan 


"Thla  doexsseat  eontaina  Inforaatloa  affaet- 
lag  the  national  defenaa  of  the  United  States 
idthln  the  aeaning  of  the  Espionage  lass.  Title 
IS,  U.S.C.  Seetiooa  793  and  794*  The  transalas« 
ion  or  the  reTelatioa  of  its  contents  in  aigr 
manner  to  an  ttnanthorlaed  person  Is  prohibited 
by  law." 


Beprahtotion  doeuMnt' la  e^pLs  or 

In  paxtr^  prohlbftM  exeepjk#!^  pexalision  of 
tbs  Chief, 

SLC  A* 

'  u)^  o. 


%ssa 


ssan 

B*3IC  CHAHACmRignCS  07  1BER>BU>  RADIATION  PROM  AM  ATPMTC  PETORATIOll 

lOBtE  OF  comsns 

SaetlOD  Title  Pane 


Samary . in 

OenermI . Ill 

1.  Air  Borst  . . in 

2.  Surflaee  Burst  •••••••••••  17 

A  latrodaetlon  ••••••••••••••••••  X 

B  Blseusslcm  •••••••••••••••••••  1 

1.  Total  Otenwl  Bnargy,  •••••••••  1 

2«  Tlae-intenslty  Characteristics*  •  •  •  •  10 

3«  gpectrel  Distribution  •••••••••  l6 

BoswnrlatTini  ••••••••••••••••••  21 


iBmmuu 


X 


LIST  OF  PIGPaSS 

!•  Total  CiaxBal  Baergy  aa  a  ftmetion  of  Total 

Veo^oa  Yield  6 

2.  Tlaa  of  tha  mnlaBBi  as  a  TUaetloa  of  Total 

Vaapoa  Yield  . ••••••••12 

3*  Xlae  of  Second  Mudaua  ts  Total  Veapon  Yield*  •  •  •  13 

■oxaallsed  Pulse  Shape  ••••••••••••••!$ 

5.  Oenerallzed  Thezeal  Pulse.  .•••••••••••  17 


n 

ssan 


^  i  ^ 


BASIC  CHARACHBiSTICS  OF  THERMAL  RADIATIOH  PROM  AH  jgOMlC  DETOHATIOH 


SiatlART 

GBagRAL 

The  remits  of  «  recent  rerlev  and  aaaljsle  of  ell  test  data 
ttarooj^  TQMBUS>S1IAFFER  on  the  haale  eharaeterlstles  of  tberml 
radiation  froa  atoale  detonatlone,  nsmly:  total  theraal  energy 
release,  tlas-lntensltj,  and  spectral  distribution,  are  presented 
for  two  types  of  burst:  air  and  surface. 

1.  Air  Burst 


a.  The  basic  characteristics  of  theraal  radiation  fTcw  air 
burst  weapons  of  yields  1  to  100  KT  axe  now  considered  to  be  known 
with  an  accuracy  of  10  per  cent. 

b.  The  total  themal  energy  released  by  a  SO  IT  weapon  la 
7.h  KT,  or  37  cent  thexeal  efficiency,  and  It  Increases  aa  the 
0*9^  power  of  the  radloehenlcal  yield. 

c.  The  tlaes  of  the  nlnlaue  and  second  aartwna  Intensity 
scale  as  the  0.3  power  of  the  ratio  of  the  total  yields  for  all 
yields  greater  than  10  KT.  It  Is  thought  that  eaaller  yield  weapons 
of  operational  design  will  also  scale.  A  noraallsed  plot  of  the 
themal  pulse  shape  is  given  which  Is  the  ssaa,  within  •  15  per  cent, 
for  all  yield  weapons  shove  10  KT. 

d.  It  la  postulated  that  the  Intensity  In  the  second  asxl- 
mm  acalea  as  the  0.3  power  of  the  ratio  of  the  weapon  yields.  A 
generalised  theraal  pulse  based  on  0.3  power  scaling  of  both  tine 
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and  Intensity  Is  given. 

e.  The  average  color  temperature  for  all  bursts  Is 

6000  *  500®  K. 

f .  It  is  postulated  that  these  characteristics  vlU  prevail 
for  air  bursts  of  all  weapon  yields  up  to  10  MT.  Althou^  the  high 
yield  data  are  sparse  and  erratic,  they  are  not  obviously  In  conflict 
with  this  postulation. 

g.  These  characteristics  apply  to  an  alrburst  at  a  hel^t 
aueh  that  the  reflected  shock  wave  does  not  reach  the  fireball  until 
after  most  of  the  thermal  radlatlM  has  been  emitted.  Early  arrival 
of  the  reflected  shock  distorts  the  fireball  and  may  reduce  the  color 
testperature  and  the  total  energy  emission  of  the  lower  portion  of  the 
fireball. 

2. 

a.  The  thermal  energy  received  fkom  a  surface  burst  Is 
approximately  one>thlrd  that  of  an  air  burst  of  the  same  yield  when 
the  radiochemical  yield  is  less  than  250  KT.  When  the  radiochemical 
yield  Is  1  KT  or  greater,  the  total  thermal  energy  is  approximately 
tvo-thlrds  that  of  an  air  burst  of  the  same  yield.  For  total  weapon 
yields  between  250  KT  and  1  NT,  the  thermal  yield  may  be  e3q)ected  to 
fall  between  one-third  and  two-thirds  that  of  an  air  burst. 

b.  The  indications  are  that  time  of  the  minimum  intensity 
of  the  thermal  pulse  from  a  surface  burst  is  the  same  aa  that  of  an 
air  burst.  The  time  of  the  second  maxtaiim  of  a  surface  burst  may 
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•lao  1m  tb«  MM  M  th*t  of  an  air  Wrat«  At  thla  tlm,  tbla  la  only 
an  aasiaqption  taaad  on  a  10  KT  aurfaee  turat  and  tover  ahota  of 
aarlooa  ylalda  uhleli  agread  vltbln  •  20  par  cant.  Starfaca  detooatiooa 
of  wtapona  vlth  ylalda  in  tba  aagaton  ranga  hare  tba  umm  noraallzed 
polaa  ahapa  aa  air  btirata* 

e.  Tha  avaraga  color  taaparatura  of  a  aurfaea  burat  of  any 
ylald  la  approxlaataly  5000^  K. 
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BASIC  CHARACTERISTICS  OF  THSIWAL  RADIATION  PROM  AH  ATOMIC  DETONATIOH 


A.  IWRODOCTION 

a.  Over  a  period  of  years,  basic  themal  Beasureaents 
have  been  nade  at  all  full>scale  weapons  test  scries.  Tbe  najority 
of  tests  bave  been  of  weapons  with  yields  In  tbe  range  1  to  100  KF, 
with  limited  tests  up  to  10  MT.  These  measurements  were  made  to  . 
establish  the  basic  characteristics:  total  thermal  energy,  time- 
intensity,  and  spectral  distribution  for  a  large  range  of  weapon 
yields,  and  to  determine  empirical  scaling  relationships,  usually 
referred  to  as  scaling  laws,  to  permit  prediction  of  these  charac¬ 
teristics  for  an  atomic  detonation  of  any  yield. 

b.  Two  agencies,  Haval  Radiological  Defense  Laboratory 
and  Haval  Research  laboratory,  have  been  the  principal  participants 
for  the  Department  of  Defense  and  the  Atomic  Energy  Cosmlsslon. 

More  recently,  the  Department  of  Engineering,  University  of 
California,  Los  Angeles,  has  conducted  such  measurements  at  several 
shots.  In  Jtily  1955,  working  groups  from  these  agencies  convened 
for  the  pui^pose  of  correlating  all  comparable  data.  Tbe  results  of 
this  conference  fora  the  basis  for  this  paper. 


a.  The  total  thermal  energy  per  unit  area  was  measured  at 


•The  term  "total  thermal  energy"  Is  used  to  designate  the  integrated 
radiant  energy  emitted  by  the  fireball  during  the  main  radiant  pulse, 
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▼arlons  dlftaacas  vlth  a  Tarlaty  of  black  body  latagratliig  laatxn- 
aeata  at  fttcalc  datoaatlOBa,  tlia  total  vai^oa  ylalda*  of  lAleb  Tarlad 
froa  1  KT  to  10  MT.  !EhM«  data  voro  eorreetad  for  ataoajbarie  attanaa- 
tlon  and  Istagratad  ot«r  a  ^ar«  tha  radius  of  vhleh  vas  tba  dls- 
taaea  ftm  tha  point  of  datonatloa  to  tha  InstnaMot  location^  to 
obtain  tha  total  thamal  anargy  radlatad  by  tha  fireball  for  a  glvan 
ylaldvai^oflu 

b*  flia  Instrunantatlon  for  this  ■■awirsnsnt  rarlady  dspand^ 
Ing  tgpen  lha  aganey  that  aada  tha  asasuxaMots*  lo  sons  casas^  tso 
or  thraa  aganelas  psrtlelpatad  at  a  slndla  ihot;  In  others.  Just  one 
vas  prasant*  A  eoppar  disk  ealorlBstar  was  daralopad  at  tha  laval 
Hadlological  Oaf  ansa  laboratory  for  naasurlng  energy  par  unit  area 
la  tha  raaga  1  to  50  eal/ea?  vlth  a  tins  constant  of  about  20  alUl- 
saeonla  and  a  90^  field  of  rlav.  Vaval  Besaardi  laboratory  pro¬ 
ject  parsonnal  aaqployed  hl^xly  sensltlTa  thanopUes  vlth  10^  field 
of  Tlav,  themoeooples,  and  blackened  sphere  redlaneters  (a  unique 
BRL  design).  She  group  at  the  Uhlrerelty  of  California,  Los  Angeles, 
used  a  theraoplle  of  Its  own  design  vlth  a  tine  constant  of  about  15 
aecoofis  for  the  continental  slMts,  and  abotzt  15  alnutes  for  the  ITT 
Operation.  BRDL’s  Instro&ents  vere  usually  located  vlthln  a  few 
yards  of  the  fireball  for  a  noslttal  boab.  URL's  aeaaure- 
nsets  vara  aada  at  tstIous  locatloxis  froa  a  few  hundred  yards  to  a 
station  approKlaately  10  alias  fkoa  detonations  at  the  Hevada  Fronrlng 


*  ffnrtlnrSftral  yields,  vlth  ezeeptlon  of  the  Mike  Shot,  where  fire¬ 
ball  disaster  analysis  was  used. 
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Crotmds.  UClA'a  Inatnaenta  were  dealgned  prlaarlly  for  aircraft 
installation,  10  to  20  ailes  distant. 

c.  The  type  and  magnitude  of  the  correct  Iona  applied  to 
the  data  hefore  calculating  the  total  therafj.  yield  were  dq^eodenct 
upon  the  distance  and  location  of  aeasureaent  and  the  traiuwlsslon 
properties  of  the  atmosphere.  In  the  peat  hoth  HBDL  and  HRL's  data 
were  corrected  for  atmospheric  attenuation  aa  detexmined  hy  actual 
tranaal salon  measitrenents .  In  addition,  HRL'a  data  were  corrected 
for  the  energy  received  hy  scatter,  as  a  function  of  the  field  of 
view.  Ihe  scatter  correction  was  assumed  to  be  negligible  for 
BBDL*s  data,  since  it  was  obtained  at  distances  that  were 
conpared  to  the  visibility. 

1.  In  comparing  the  results  of  these  agencies,  when  more 
than  one  participated  at  a  shot,  certain  discrepancies  w«re  found. 

In  some  instances  the  difference  between  estimates  of  thexaaQ.  yield 
was  25  per  cent  or  more.  Since  the  Inherent  error  in  each  ixistru^ 
mentation  system  is  estimated  to  be  ^10  per  cent,  the  atmospheric 
attenuation  corrections  were  re-examined.  It  was  found  that  con¬ 
siderable  error  resulted  from  neglecting  the  water  band  absorption 
of  Infrared  when  the  distance  of  transmission  was  two  miles  or  more. 
As  the  spectral  distribution  of  energy  has  now  been  determined  for 
the  majority  of  shots,  the  amount  of  Infrared  absorption  can  be 
eaLLculated.  Application  of  this  correction  increaaed  HRL'a 
calculated  values  and  brought  thm  into  accord  with  those  of  HRBL 
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for  all  ahorts  except  the  King  Shot  at  Operation  IVY.  IlHDL*s  final 
data  vere  also  corxected  for  field  of  Tlew  and  infrared  ■  absorption, 
althoo^  the  corrections  vere  less  than  10  per  cent  due  to  the  short 
path  lengths  ccapared  to  the  visibility  at  continental  tests. 
Msasurescnts  osde  tram  aircraft  at  air  bursts  Involve  an  additional 
correction  factor  for  the  Increased  incident  energy  due  to  reflection 
tram  the  ground  belov  the  burst.  Ihe  aapunt  of  energy  received  by 
reflection  la  not  readily  calculable  at  this  tlae.  E:q)erlaental 
■easureaents  have  Indicated  t^t  In  Hevada  It  nay  be  on  the  order  of 
30  per  cent  of  that  received  by  direct  transmission  for  a  receiver 
at  an  altitude  vhlch  Is  large  cos^pared  to  the  hel^t  of  burst.  At 
Enlvetok,  the  albedo  of  vater  Is  mudi  lower  than  that  of  the  desert. 
However,  la  low  air  bursts,  the  water  shock  passing  throng  the  vater 
chums  vip  a  troth  which  produces  an  albedo  that  is  considerably  higher 
than  that  of  the  desert.  It  Is  estimated  that  'Che  average  effecti've 
albedo  might  approximate  that  of  the  desert.  Therefore,  a  factor  of 
50  per  cent  vas  used  to  correct  all  of  HRDL's  data  from  airborne 
instruments  in  addition  to  the  attenuation  and  acatter  correctlona. 

e.  The  corrected  data  of  all  three  agencies  for  Operations 
GRSHHOUSE,  buster,  TUMBLER-SKAPFER  and  IVT  are  given  in  Table  I. 

Vhen  data  from  more  than  one  agency  existed  for  a  single  shot,  the 
average  vas  generally  used  to  determine  the  air  bxurat  scaling  curve 
shown  in  Figure  1.  UCLA  data  for  SKAPPSt  Shots  6,  7*  8  vere  not 


averaged  vlth  the  KRL  data  because  they  vere  obtained  as  a  cheekoout 

of  the  instrumentation  in  preparation  for  Operation  IVY.  The 

k 


saan 


TOTAL  THERMAL  ENERGY  (KTJ 


mm 

(SZEBEOUSE  towBT  ahot  data  ara  ahoim  In  Figure  1  for  coB^arattre 
90x70000  only.  Cie  oealed  heis^to  of  ‘burst  for  l^se  Ohoto  Tailed; 
all  wore  eonolderafbly  looo  than  those  of  air  'bursts,  sad  'Qie  thexasl 
characteristics  derlate  significantly  trcaiL  those  of  oa  air  burst. 

Hie  los  yield  tover  shots  at  0!peratlon  SBAFFER  vere  rery  close  to 
air  bursts  (as  defined  in  TM  23>200},  sad  the  total  thexaal  energies 
sgsear  to  be  tjpleal  of  air  bursts.  The  slope  of  tiie  air  burst 
arallng  eurre  Is  0.9^,  aad  Its  equation  la  S  ■  .Uw*^.*  The  accur¬ 
acy  la  eat, lasted  to  be  ^10  per  cent  for  air  ‘bursts  of 
yields  19  to  100  ET.  For  detonations  of  radlodiealcal  yields 
greater  than  sereral  hundred  XT,  the  error  any  be  as  great  as  ^  per 
cent. 

f  •  The  sealing  las  aas  extrapolated  to  the  aegaton  yield 
range  slthout  any  true  hle^  yield  air  burst  data.  VhUe  the  data 
firam  nne  King  aad  HUce  Shots  (total  yields  of  vhich  sere  XT  aad 
10  Mr,  respeetlTely)  are  not  directly  appUcshle  to  the  derelopBent 
of  an  air  ‘burst  scaling  las,  they  indirectly  tend  to  suhstantiate  it. 
Data  on  the  King  Shot  vere  obtained  by  HRL  vith  inatriments  located 
on  the  ground,  and  by  HRDL  fron  aeasurements  aade  fron  aircraft 
flylag  abonre  the  burst.  The  estinates  of  total  theznal  energy  for 
this  shot  vere  radically  different.  SRDL  calculated  ShO  thexnal  KT, 
vhldk  la  greater  than  predicted  by  the  air  buret  scaling  las.  HRL 
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S,  total  thenal  ener^  released,  KT. 
V,  total  vei^on  yield,  KT. 

All  sysbola  are  given  in  Konenclature, 
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detexBined  the  total  theraal  energy  to  h«  80  XT,  vtalch  Is  eonsldsro 
ahly  less  than  ejected  from  an  air  hurst*  .  Sach  thsxoal  yield 
deterBlnatlon  vas  consistent  with  the  Stefan-Boltzasa  theoretical  esl* 
culatlon  using  the  average  color  to^eratnre  as  detenslnad  Indepen¬ 
dently  hy  each  laboratory  (see  Section  3J*  XEOt’s  Instruaents  wleved 
the  side  of  the  fireball,  and  those  of  9KDL,  tiie  top*  Ihe  color 
teeperature  URL  saw  vas  33CX}°K*  UROL  neasured  5250QK*  SSie  King  Shot 
was  detonated  at  an  altitude  such  that  the  fireball  would  Just  clear 
the  ground  vlien  It  reached  Its  aarlmM  radius*  Fireball  aorles  duiv 
that  the  fireball  began  to  be  flattened  on  the  bottoa  at  about  0*1 
second  after  the  nlnlaua,  and  as  It  continued  to  grow  it  becaase 
alaost  hoBlspherlcal  In  shape*  Ihe  tiae  at  which  it  b^an  to 
flatten  coincides  with  the  tiae  at  which  the  reflected  ahoek  watve 
reached  It*  Ihe  distortion  In  shape  oT  the  flrcfball  is  characteris¬ 
tic  of  that  produced  by  the  passage  of  the  reflected  shock  wave 
through  the  fireball.  In  view  of  the  change  of  color  teaperatore 
produced  and  the  change  In  fireball  area,  vhl^  contributed  to  each 
of  the  energy  aeasurements.  It  le  reasonable  that  they  should  fSU 
on  either  side  of  the  air  burst  sealing  curve,  which  passes  tbrouc^ 
160  KT  at  550  KT  total  weapon  yield* 

g*  Ihe  air  burst  scaling  law  vas  baaed  on  the  prewise  that 
the  fireball  reaalned  spherical  throu^out  the  mjor  thexnal  pulse, 
which  originally  vas  though  to  be  Halted  to  the  heije^t  of  burst  at 
which  the  fireball  did  cot  touch  the  ground*  It  has  becone  obvious 

that  for  therraal  effects  work  an  air  burst  la  aore  properly  defined 
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as  a  Inirst  at  sueli  a  haij^  that  tha  raflaetad  Chock  does  not  z«a^ 
tha  f Irehall  tmtU  after  Boat  of  tha  thaxBBl  energy  haa  been  Mltted. 
For  any  lover  heights  of  hurst.  It  asy  he  esjeeted  that  the  energy 
recelred  on  the  ground  will  he  less  than  predicted  hy  the  air  hurst 
scaling  lav,  and  that  the  energy  received  above  the  hurst  will  csBead 
that  predicted,  due  to  flrehall  dlstoartlon* 

h.  Ihe  mka  Shot  vaa  a  surface  hurst*  Qie  thenal  yield 
vaa  calculated  to  he  l£50  XT  per  cent*  This  la  h1tf»ar  than  pre¬ 
dicted  for  a  surface  hurst  on  the  heals  of  lov  yield  surface  hursts, 
hut  lover  than  the  extrapolated  air  hurst  srallng  lav*  Oila  any  he 
due  to  sane  thenal  energy  expenditure  In  heating  and  viperiaatloa 
of  the  earUi  hut  very  little  ohscuratlon  of  the  flrehall  hy  duet* 

It  vaa  ohserved  that  the  heli^t  of  the  dust  skirt  shout  the  htvae  of 
the  flrehall  vas  very  snail  coapared  to  the  radius  of  the  hesiagherleal 
flrehall.  The  dianeter  tiie  flrehall  at  the  hase  vaa  equivalent 
to  a  23  XT  air  hurst.  The  Integrated  color  taaiperature  of  the  flre¬ 
hall  eurfsce  vas  consistent  vlth  that  of  a  lov  yield  aurfSce  hurst: 
about  3000°K.  Since  the  rate  of  ealaslon  la  proportional  to  T^  *, 
the  enlarged  diaoeter  or  radius  did  not  coaipensate  for  the  decreased 
teoperatiircv  aud.  the  total  thexaal  yield  vas  one-thlxd  leas  than  that 
predicted  for  an  air  hurat  of  the  sane  total  yield. 

1.  In  the  ''CapahUltles  of  Atonic  Veapona"  (revlsad  Octohar 
19^2)  it  la  stated  that  one-third  the  total  theiaal  energy  for  an 

*  T,  absolute  tei^peratura,  ®K 
R,  flrehall  radius,  cn 
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mix  burst  will  be  obtained  from  s  detonation  of  tbe  taae  radlo- 
cbwslcal  yield  burst  on  the  earth's  surfsce,  and  that  for  bursts 
intezBSdlate  to  the  surface  sad  air,  linear  Interpolation  based 
on  the  scaled  helj^  of  burst  should  be  used.  Analysis  of  the 
toser  shot  data  giren  and  the  JABSUS  surface  shot  results  vas  the 
basis  for  these  atateaents,  and  they  are  bellered  ralld  for  detona¬ 
tions  xjf  to  approzlaately’  250  XT  In  yield.  Howerer,  the  Mike  Shot 
data  Bake  It  erldent  that  they  do  not  apply  to  aegaton  yield  weapon 
detonations.  It  Is  recooMnded,  for  the  present,  that  two-thirds 
the  air  burst  theraal  yield  be  used  for  the  thezmal  yield  froa  sur¬ 
face  bursts  of  megaton  yield  weapons.  For  yields  iaternedlate  to 
250  EF  and  1  KT,  the  factor  asy  be  eiqpeeted  to  be  between  one-third 
and  two-thirds. 

2.  Tlae-Intenalty  Characteristics 

a.  The  radiant  energy  froa  the  fireball  is  emitted  at  wary- 
Ing  rates,  as  described  by  the  tlae-lntensity  curre,  which  is  charac¬ 
terized  by  an  extremely  rapid  rise  to  the  first  narlaia  and  decline 
to  the  "ainlaua",  followed  by  a  aoderately  rapid  rise  to  the  second 
aaxlBOB  93^  a  gradual  decline.  The  second  portion  of  the  time- 
intensity  eunre,  during  which  99  per  cent  of  the  energy  Is  ealtted. 

Is  of  prlaary  interest. 

b.  KRL  and  KRDL  aeasured  the  rarlatloa  of  radiant  intensity 

with  tiae  at  BWSTSt,  TOMBISt  and  IVY  testa.  For  the  BUSTER  aeries, 

KRDL  determined  the  second  pulse  shape  by  differentiating  the 

Integrated  ealortaeter  curve.  At  the  later  test  series,  KRDL 
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obtained  direct  tloe-intenalty  recorda  vlth  a  foil  radiooeter  vlth  a 
tlae  constant  of  13  Billiseconds  In  addition  to  the  differentiated 
calorlaeter  trace.  URL  obtained  direct  tlae-lntensltj  traces  vlth 
boloaeters,  idildh  hare  a  time  reaoltxtlon  of  less  than  50  alcro- 
seconds  and  resolve  the  first  themal  pulse*  Ohe  URL  traces  enable 
the  detezalnatlon  of  the  tlae  of  the  alniasae,  as  veil  as  the  dhi^e 
of  the  second  pulse* 

e*  For  the  potpose  of  dstendnlBg  the  seallaff  In  tlae  of 
the  thnMl  polee^  the  tlaae  of  the  alnlawi  end  iStm  eecond  aaxiTO 
vere  selected  fkas  the  tlae-lntensltj  records* 

d*  Figure  2  gives  ‘Oia  tlae  of  tiie  atniana  plotted  against 
radlochealcal  veapon  jioid  for  jlelds  ranging  tram  1  B  to  10  XT* 

Ihe  curve  uas  based  on  HRL  data  for  Operations  GHEZ2IBOOSB,  lUMBLER- 
SHAFFER,  and  m*  Ihe  aarlana  devlatlan  of  data  fkua  the  curve  vlth 
tlae  vas  less  than  10  per  cent  over  the  entire  pleld  range*  Ihe 
slope  of  the  curve  Is  0.5*  The  data  used  Include  tover  as  veil  as 
air  burst  data.  It  Is  eonelnded  that  the  tlae  of  the  scales 

as  the  square  root  of  the  yield  for  any  else  air  burst  and  for  near 
air  bursts,  representad  by  tower  tiwts* 

e*  RRDL  BUSTER,  TONBUSR,  and  ITT  data  vere  used  along  vlth 
SRL  TUMBLBt  and  ITT  data  to  deteralne  the  variation  of  the  tlae  of  the 
aeeond  aavtaaa  vlth  yield,  given  In  Figure  3*  curve  hhows  that 

tha  tlae  of  the  aarlana  also  aeales  aa  tha  aqosre  reot  of  the  yield 
for  air  borsta  aM  near  air  burata  of  10  KT  or  greater,  end  for  large 

yield  aarfsee  burata  aa  veil.  Tha  data  shoes  in  Figure  3  Ohov  that 
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Figurt  3  TIME  OF  SECOND  MAXIMUM  VS  TOTAL  WEAPON  YIELD 
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for  olther  of  the  two  tyteao  of  aeosareneiit  (BRN*  or  VSL),  tbo 
— ariana  dgrimtioa  1b  leas  than  10  per  cent,  Imt  the  URL  tlaes  seea 
to  he  eonalateirtlx  lover  thaa  SRDL*s«  Since  this  difference  In 
•XstSBS  has  not  heea  resolved,  the  etirve  la  dmm  hetveen  the  tvo 
sets  of  data*  The  presentl/  available  data  for  air  bursts  of  less 
thaa  10  KT  yield  are  not  necessarily  typical  of  operational  veiqyon 
characteristics*  Althon^  the  total  energy  enltted  In  these  lov 
yield  detonations  appeared  to  scale,  an  extended  theraal  poise  and  a 
change  In  the  spectral  distribution  of  energy  vere  ohserved*  It  has 
been  postolated  that  these  changes  vere  due  to  ^e  hl£^  nass  to  yield 
ratio,  vhlch  vas  diaracterlstic  of  these  particular  devices*  It  la 
eipeeted  that  the  sealing  lavs  given  for  air  bnrsts  tmj  ^Rply  to  very 
aaall  yield  ve^pons  of  an  operational  design. 

f *  A  madHsr  of  Intensltyotine  traces  fTon  both  agencies, 

for  air  bursts  lAose  yield  ranged  fToa  ll^  KT  to  10  HT,  vere  plotted 

'  * 

In  the  fom:  vs  t/tj^  to  deteralne  a  generalized  shape  of 

the  second  portion  of  the  theraal  pulse,  after  the  mlnSmm. 

g.  Figure  4  shows  the  nomsdlzed  curve  of  the  tiieraal  pulse 
for  any  yield  air  burst.  The  acciiracy  of  this  cxnrve  In  l/l^^  Is 
estlaated  to  be  j»15  per  cent. 

h*  If  the  scaling  of  Intensity  aiad  tine  are  kxuim,  the 


*  I,  radiant  intensity,  cal/ca  -sec. 

Ip,-,  radiant  Intensity,  cal/ca^-sec. 

tT^tina  Interval  after  detonation,  seconds, 
tjg^,  tine  of  the  aaxlnai  Intensity,  seconds. 
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norcalized  curve  may  'be  used  to  drsir  a  generalized  tljBe>intenslty 
curve  for  any  yield  weapon,  in  teiBs  of  IW°  and  It  has  been 

veil  established  that  tine  scales  as  the  s^pare  root  of  the  ratio 
of  the  yields.  The  scaling  of  the  maxi  ana  Intensity  has  'been  studied, 
but  due  to  the  scatter  of  the  data  it  is  still  sooewhat  tenuous.  For 
planning  purposes,  it  is  reconmended  that  square  root  scaling  be  used 
for  the  intensity,  vlth  the  understanding  that  this  is  siibject  to 
change  as  more  data  become  available.  The  generalized  curve  is 
givoi  in  Figure  3* 

3.  Spectral  Distribution 

a.  Since  the  response  of  most  targets  to  theznal  radiation 
is  dependent  vpon  the  wave  length  of  the  radiation,  as  veil  as  the 
intensity  and  total  energy  incident,  a  continuing  stxxdy  has  'been 
made  of  the  spectral  charactcsrlstics  of  thermal  emission. 

b.  URL  has  measured  energy  distribution  in  the  ultraviolet 

and  visible  vith  spectograibs  vfalch  have  a  resolution  at  time 
intervals  of  200  microseconds  for  GREEHHOUSE  and  TOMBLER-SKAPPER 
and  2000  microseconds  at  IVY.  KRDL  hais  measured  the  energy  in  five 
broad  spectral  regions:  .22  to  .3^  'to  *53  to  2.^/1 ; 

.cU  to  2.3^;  end  .93  to  2.3^,  integrated  vith  tisie  throughout  the 
pulse.  IIRDL  has  also  measvired  the  time  variation  of  energy  dis« 
tributed  in  these  bands.  UCLA  made  detailed  spectral  studies  of  the 
variation  of  radiant  flux  density  vith  time  at  several  vave  lengths 
and  in  several  vave  bands.  At  Operation  IVY  taeasurements  were  made 

at  four  vave  lengths:  .3>,  .^3,  .73,  and  *93/*^  aiod  in  two  vave 
bands:  .35  to  2.6^,  and  .91  to  At  IWSLES-SSAPPSS 
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(shots  7  mA  8),  ae— ur—ents  veto  tmim  at  flTO  vara  lengths: 

•W,  .55,  .75,  sal  .95/*. 

e.  Iba  ah^^  of  tho  lactagratad  einaa  of  energy  density  ss 
•  foaetlon  of  vara  length  vas  eoagparad  with  hlack  body  etxzres,  as 
dstexsinsd  hy  Plsndc's  •qpmtiaa,  for  varlons  taqpexatnxas.  IBL 
found  that  the  dhapa  of  the  curra  in  tha  ultrarlolet,  hajrond  tha 
300dX  osona  cut-off  point,  and  in  tha  risible,  for  a  glren  burst, 
could  ba  flttad  to  a  black  body  curra  for  a  specific  toveratura. 
Cns,  a  tasparatura  can  ba  assigned  to  the  energy  dlstrlbatifln  curra, 
and  -Oils  toperatura  is  called  tha  "color  tqpcratura*.  HBSL 
and  UCIA  results  prorlded  soae  additional  data  on  dlstrlbatlon  in 
tha  Infrared  ahlch,  in  general,  supported  the  BRL  data.  A  color 
teaperatore  vas  thus  assigned  to  eadi  detonation.  The  tenperatares 
are  given  in  Table  n.  It  vas  concluded  that  as  a  general  rule  the 
arerage  color  teoperature  for  air  bursts  is  6oOOPk  ♦500P.  !Qie 
effect  of  introducing  aass  in  excess  of  the  air  into  the  fireball  Is 
to  lower  the  arerage  surface  tenperature.  Tower  shots  and  surface 
shots  are  affected  by  the  earth  and  material  of  the  tower  taken  into 
the  fireball.  The  av^age  teeperatuze  for  a  surface  bxurst  is  eround 
3OO0P  K,  and  for  a  tower  shot,  usually  between  3^^  600qPk. 

d.  For  an  air  burst,  55  per  cent  of  the  bonh's  theraal 
radiation  energy  is  in  the  ultraviolet  and  visible,  (.3  to 
and  b5  per  cent  in  the  near  infrared,  (.75  to  3fL)*  For  a  surface 
burst,  12  per  cent  la  in  the  visible  and  83  per  cent  is  in  the 


TABLE  II 

COLCa  TPgBlATURES*  FOR  VARIODS  ATOXIC  EBTORATICIB 


Operation 

Shot 

TJpe  of 
Buret 

Color  Teagperature,  CK 

HKL 

— HRDE 

Dog 

Tower 

k500 

Easy 

Tower 

liOOO 

George 

Toeer 

3000 

Busms 

Baker 

Air 

$6oo 

Dog 

Air 

6300 

Eaay 

Air 

$600 

TOieUBS- 

2 

Air 

$000 

SSAITES 

3 

Air 

6000 

k 

Air 

6000 

7 

Tower 

^700 

8 

Tonrer 

6000 

4200 

IVT 

Kike 

Surface 

2600 

2900 

King 

Air 

3300 

5250 

*  Equivalent  'black  'body  tegaperatures. 
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••  It  hM  b««n  further  tbovn  that  the  um  of  ttao  artrac* 
eolor  taaparatura  In  tha  8t«faa*BoltxaaD  lav,  *  *a  ■■  ■  •  t 

firaa  tha  waaiarad  total  thennl  aaorgsr  B  vlthia  10  par  eant.  Sba 
flrahall  radii  vara  datandaad  from  KMO  Maaurwanta  of  tha  radlna 
at  tba  tlM  of  tha  ■inlaw,  wltlpUad  hj  a  factor  of  1.9«  fhla  la 
an  aaplrleal  mla  of  tlnaiib  for  tha  radlna  at  tha  tlaa  of  tha  ■art— 
Intanaltp.  Zta  accuracy  will  not  ba  known  until  an  analyala  of  lata 
flrahall  diaaatara  haecaaa  avallahla.  Bowrrar,  It  will  ba  notad 
that  tha  anarfy  calculation  by  tha  Btefan-Boltzaaa  lav  la  ralatlraly 
IxiaanaltlTa  to  radlua  arrora  aa  ccuparad  to  color  taaparatura  vhleh 
appaara  aa  tha  fourth  poHar.  Slnca  tha  accuracy  of  tha  edlcr 
taaparatura  aatlaataa  la  only  t  lo  par  cant,  aueh  calcnlatlona  ara 
at  boat  only  a  rou|^  cheek. 


• _ 

V,  Stafan-Boltxaan  conatant  In  ecl/eaP  *  aao  -  (^)^* 
t^,  total  duration  of  tha  tbanaQ.  pulaa,  aaconda. 
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2  ■  Total  thsnal  anergy,  Kt 
W  •  Total  waapoii  yield,  ET 
2  •  Mwalaan  fireball  radloa,  ca 
T  ■  Ibaoluta  teaperatore,  °!k 
t  ■  TIm  Istarwal  after  datoaatloa,  aeeoods 
tgP  Ouratloa  of  the  tbezaal  polae,  aeeonds 
1)^  ■  Tla*  of  the  eMtliaa  Intensity,  aaeonds 

Z  a  Badlant  Intensity,  eal/sa  >see 
s  Mwrlima  Intanslty,  eal/o^-«ee 
r.  1.35  *  lCrl2  cal/ca^-aeo-(®K)^ 


